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AJKH’I{AC’J’

‘Ibis pnpcI pIcscnls some uuci:ll  design paImIc(cIs  and :1 s(rilwnl:m
Syslcnl  desi~n  f o r  a  nadil-looking, 94-CII 17. spuccboI  nc cloud
ptofiling  rdar. ‘ibis sensor is cxpcclcrt  to  prov ide  c loud
nusurcmcnls  rrt vcrlicrrl  rcsolu(ion  of 500 m anLI  wi(h a min imum
dctccl:tblc  cloud rcflcctivily of slightly better (ban -30 dtl~..  l’be
rwlar  design is in(cndcd  10 bc rrccon)nIorJakx{  by a spacccraf[  with
Iirnild rcsoulccs.  11 uses a 2-n\  antcooa  and an cxlcndccl iokrdclion
anqdifkr  (I; IA) Ibal  are rcrrdi]y rwaiblb!c  in eilhcr  groLm  d-bused rmd
rrilbornc  upplica[ions.  F o r  spncc  rrpplication, inlprove.nmn(s  in tbc
IilA Iifctimc and sprrcc qualification will bc required. I’m wnious
rcmons,  Ibc spaccboI  nc cloud radar  syslcm dcvclopmcnt  is expcclcd
10 bc glc:llly bcncfitcd  by the ilr~plcr]~crlti~lior~  of an aircraft CIOLld
radar inslrurncnl,

1. lN’1’ItOIIUCYl’ION

A n  csscll(inl  conlponcn(  of (IIC  I%rr-(h’s  etlcrgy  budget is (IIC thlcc-
dimcnsional  distribution of radiu[ive  ard  In(ent hc;]ting d cooling
in Ibc a(rnosphcrc.  ‘1’o derive rhcsc quarl!itics,  i[ is ncccsswy  m know
Ihc gldml,  [llrcc-clill~crlsiotl:ll  dis(ributicms  of c l o u d s  ;tnd  prcci  -
pil:llior~.  LIrlfol[lll]:llcly, irlfornlalion  on tllc rfislribution  of vcrlic:ll
cloud sltuc(urc,  which is ii ctucial  input 10 Ibc raclirrlion budget  and
tbc ulrnosplmr-ic wa[cr  v a p o r  rtistribulion, i s  nol uvaiiabic  froln
cxistin~  01 plannd  spnccbornc  rcrnotc-sensing insu Llnlcnls.

A Iccent  report by (IIC  Wnrld ~lirnatc Rcsc:IIch  Program (WUP,
1994)  II:IS documcnlcd  Ibc polenliats  o f  ucquiring  (hc rmm-glotml
ckrLId ntcmu!enmnls  wilh  a spaccbolnc  mil!inlc(er-wave  rdar’. l’bis
lJ:Ipcr illvcstig:llcs lIIc d e s i g n  issocs  associolcd witl] s u e t )  a Sys(clll
:Ind dcscribcs  4 sirawnlun  cloLlrl radnr  d e s i g n  that  w i l l  mecl  Ilte
scientific needs. III pmliculur,  wc will discuss Ibc md:u frequency
sclccliorl, lIIC cor)lrol  of surfucc  clottcr corll:lll]ill:llioll :tnd  ils
implicat ions on ;Inlcnna  ond (rnnsnli[  pulse design, Ihc lr:deoffs
bclwccn scnsirivily, sp:lccborllc  rcsourcr-  rcquilclllcl)ls, ond
tcchndogical  !cndiness  of MC vurious  radar  s u b s y s t e m s .  ‘1’IIc
cxpcctcd  pcrfcmnnncc  rrnd sprmcraft rcsourcc  consumption for such
s)’s!clll wi l l  :Ilso bc stln)l]]arimd. Wc h:we :IISO dcvclopcd  u similar
dcslg,n concept  for un ail bortlc  cIoUd prdiling radar. “1’be  additionrrl
d e s i g n  i s s u e s  ;issociatcd  will) wide syslcrn  rfynarnic  r:itlgc  :Ind
Dopplcl  rllc:cmcmcnls  will also hc sunlnmri7,cd,

2.  S1’ACltlN)I?Nl; CI.OUI) l{ Al)Alt  I) ICSIGN  lSSUIN

Wc expect Ib:lt tbc mission Ilml  will c:nry  such 2 clmrd  profi l ing
rwlar will b e  small  10  nmdmlle in scnlc. I’hcrcfore,  w c  Imvc
nssumcd a ccrrrcsponding  SC( of modest spocccraft  resoLlrces for the
cloud rd:ll  design. I’be spucccrnf[  is assullled  to opcrftlc  :tt  a 400-
knt, circolar mbi[. ‘1’bis  scc[ion will discuss scvcri(i kcy design issues
Hssociil ted will)  d spaceborne clou(l  rdtm.

2.1 11’IcqIIrvIcy  Sclcclion

ll:Iscd  on lhc cloud  rdnr rcflcclivi(y  and o u r  mscssmcnl  of
Iccl)nology  I“cadincss  f o r  s p a c e b o r n e  rndnr  conlponcllls.  lIIc
flcqucncy  range  of  35 [0 1 0 0  Gllz  is polcnlially suilablc  for  [Ilc
c [oLld  radw  . A performance comparison was m:dc for a rdur
systcIll  lb:it O})ClillCS  :1135 GI 17. nnd olIc :It 94 GI17.. ‘1’0 obl:lin  a vrrlid
C{)lllpilrisoll,  however, [lIc following :Issu[llpliorls  were usc(i in IIlis
compw  isol] study:

I. ‘1’bc  rdtu  will opcrm  at only olIc frequency.

2. Swnc antenna :qmture  si7,c is USCLJ for both systcrns.
3. SiIIIIC vcrlic:tl  :Iml along. (luck i[)lcgril[c(l  rcsolLt[ion w’c  Llscd f o r

bolll  Syslcllls.
4. Il:lscd  [Ml lltc llsscssillcnl  o f  Illc  LIVilil:llllC rwlor  Icclltlology, :1

peak htmsmit  power  of I KW was dopted for botlt frequencies.
5. IIC’-to-J/F power crrnvcrsion  efficiencies for tlIc translnitter  of

30% at 35 GI17,  and 12% EII 94 (jl17,  arc adopted.
6. Average I)C pc)wcr  consumed by both sys(cnis is the same.
7. 94 G}lx  syslcrn noise (col~wralure  is 2 rt[l Irwgcr ttmn at 35 Gllz.

With IIlcse awmrnplicms, tlIc r~llio of [lie signal-to-noise r:t(im  al tlm
IWO flequcncics  is

(1)

where  ?) is tltc IX 10 RF p o w e r  cfficicncy;  I K 12 i s  tbc (Iielcc[r  ic
focm of  liquid  wrr[cl; 7’ is tllc systcm noise (clllpclaturc;  :md  1. is the
Utlll OS[dl  CriC [0SS dLt  C [0 CkXld UbSOI@iO1l. ‘1’bis cxprcssio!;  is v:llid
for S94, .$~-f (< 1, tvhich w i l l  bc tljc c a s e  (or Ivcak  CIOLI(I  CCII{)CS.
Using valLIcs b:Iwd  on Ihc :lbovc rrssLlnlplirm,  [I]is rutio is:

Sy.j
S,]5 - + 12.5 - 2(1.94 - 1,.7.s) (ID (?)

where  1.94 :rnd  /,7$ ore Ihe cloud  absorption in dJ1. ‘[’bus, the 94-
Gl 17 sys[cIII is :ililitoximalc!y  12 d[l nmre  scnsilivc  than (IIC 35-G I 17.
sys[rm  in dctcc(ing  tbc l: Iye Is ncoi (Itc cloud top, \vllcre  rhc cloud
dl}snrp{iorl  is snt:ttl. As  Ilte radar  signal  c o n t i n u e s  [o pcnct  I:IIc
[Illougll  llIc cloud  Colurlln.  Illc sigll:]l  w i l l  lle a(tcnu:Itcd.  ond Illc
nluxitnum  dcpttl  [Imt [he si~,nal can penetrate will depend on the
cloud  waler  dertsity,  :IS WCI1  :Is IIIC cloud  absolp(ion,  A t  n g i v e n
lreq  Llcncy  :Iml by nss Llnlillg  Imnlrrgcneily of (he clouds.  (IIC
Ill:l\illlllll) ll)CWiUIklbtC  CIOLld  dC[)lh (Ad,)lal)  c21tl bC dC(illCd :1S:

~.~
Ad,,,,,,  = “’’’” km

2 (1
(3)

tvllcrc  (r is tl]c cloud :Ittc[]lli]tion  (in dll/kl]]),  Z is tllc :IctLInl  c loud
ICf[CC[i  Vi[)’ (ill df]),  altd /,,1(11  is ttlC Illillilllulll dCICCt;lbiL’ CiOLld

[c{lccli\,  iry (SCC Ilq.  ( 6 ) ) .  I n  II]is sludy,  (r W:IS :muIlwd  t{) bc 0.751\f
a! 35 (;IIY. NIILI  .3. oAf :It 94 ~11 J7, wlwrc  hf is [he liquid wo{cr contcn(
(itl  g/In3). I’hcsc  v*llLles mc i n  ugrccntcl~(  wi(ll  R;iylcigh  scatlcl  ing
calculnlirms  nnd wi[h  mliomctcr  ot>scrvalions. Following AIIOS

( 1964),  (hc cloud Icflcc[ivi[y  is l:~kcn  (o be Z = 0.04XA12, which c a n
bc applied to bo[b frequencies by assuming Raylcigh  scotkring.

W’i!l) iI J)[ po!vcr  o f  2 2 5  \V 011(1 n 2-n}  :IIIICIIII!I,  IIIC nlil]irnunl
delcclnblc  rclleclivily.  Z,,,;,,, with no cloud a[[cnLla[ion.  is -32.5 dJIZ,
:11 94 G}[z.  ( s e e  ‘I”oblc 2 ) ,  ‘1’llc corrcspoltding  Z,~fj,j  :11 35 (;IIZ

:wcordi]lg  to Ik).  (2) is :Ipproxirnn[cly  - I 9 d1\7., (Jsing {tic msLlnwd
:Itlrmuo(i<m  and Icllectivily values,  t h e  nl:lxinlul]l  mcNsLIIahle cloud
dc[Itl Is wc pl(IItcd  os o function of bolt]  Z and Al in Jig,  1. Jkw clouds
0[ lower w;iicr content. the 94-G I J7. rador has superior pcI (’L7t llmnce.

(’lourts  will)  wulcr  conlcrr[ Icss than --0.5 g/n]-3 c:mnol Jx dctcctcd  by

the 35-~Jl17, systcm.  For clouds wi[h  (If  >0.75  g/ol”3  (Z == -15 dlWl,
rllc 35-GI17  rad:lr  is betrel because of IC.SS i]l)sr)l[)(ion.  As SUCII.  IIIC
94- Gllz.  flcqucncy  appcols  10 be :1 bctlcr  sys[cnl  clmicc  for overall
cIOLIII  lllCilSUI  Crl)CII~S. 94  GIJ7. is :Iiso plcf’c!:lble  fo r  i ce  cioLIds,
wtticll  Ituvc srnnll :Itlcr)tlilli[)ll.
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I’igu[c  1, Moxiltlunl  nwmu]ablc cloud  dcp[h al 3S d 94 [;1 17. v s .
clwd rcflcc[ivity.

2.2 Surfrrce Clutter Contsrminrs(ion Conccrm

Will] [he d o w n w a r d  Idar v i e w i n g  gcrsmctry and Ihc fact  111:11  [tic
Ii:lrlh’s  surfnce  is a m u c h  sl[-crngcr scatlcrcr  [batl (he c l o u d ,  ll~c
ondcsitcd  surface rcturlis  nmsI bc kept substantially below the cloud
rcflcc(cd  siglmt  [0 extrac(  accurate in formalirrn  of the cloud. Onc
polclltial  Pillll 11):11 tllc  SUrfilCC lCtUtlIS f r o m  p r e v i o u s  pOISC
[[msmissions  CM “leak”  into IIIC  cloud  Icturn  is throLtgl] the antc])nil
sidclobcs.  “1’o  c:IicukIIc  IIIC rcqui!-ed  ankmwr  sidclcrbc Icvel IIInl IIIUS[
be i)Cl)iCVCd  10 minin)im  the.w surface cmrtmninatiom,  we zrdoptcrl  a
SC( of .sui face (Iund  and occm)  rdnr backs ca(tcr CIOSS  s e c t i o n s
vctsus  itlcidcncc  nnglcs  (Ulnby am] I)obsm 1988;  Ulaby,  cI.~//.
1982).  Will] Ihcsc ndoptcd surfiicc  b:lcksc:l[(cr  clmracteristics,  Ihc

r e q u i r e d  onlcnnd  far-ml sidclobcs  (> 1 5 °  fronl  borcsig]ll)  wctc
colt) l)u[cd 10 bc < 50 dll nnd tllc required nca!-itl  sidc]obcs  10 bc <
-25 (Ill. I;(JI  an  of  f-n;ldir  v i e w i n g  gcolllc[ly,  (Ilc ncal-it)  EIr)lclll]d
sidclobcs  mos[ bc <-50 d[l 10 climinalc  surface conltlnlination  flotn
(IIC swc putsc Transmission.

Ano[hcr  potcn[ial  route for surface contamination is the sidclobcs
:lSSOCiillCd wi(h  lIIC [ronsniillcd  p u l s e s .  I:or  cxalllplc, a collltllon
;Illl]lo:lct)  lo dchicvc  higher sig,tl:li-(c)-r~(~isc  riltio  in a I:ICIII[  sys(clll  is
b y  plmsc-coding  ( s u c h  m linear  I’M) a long rwl:lr  pulse  :tnd  b y
sut~scqucnl  p u l s e  cotnplcssion  o f  the rcccivcd  rodal  cctloes.
Ilowcvcr, IItis  tl[)[)loilCll  lypicolly  rcsulls i n  i)ulsc  crrnlplcssion
sidclobcs  thm con(mninatc  the cloud cchocs fton)  IIIC suI fxc rclut  n.
Dxcd otI oul b:] CtiSCiltlCr model, (Ilc required sidclotrc Icvcls for [Wo
diffclcnl  vcrlicdi r e s o l u t i o n s  dcsilcd  for [hc c l o u d  rodar wc[e
caicuiolcd  irl Fig.  2. II s h o w s  IM the required pLIlse  cornplcssion
sidclobc  Icvcl i s  01 Ic:lst 85 rl[l. W c  bclicvc  tha( placlictll
ilt)l)lctlrct]t:r{iol)  of n putsc colllprcssion  schcmc (hot saris t”ics  such d
scvcrc  ]cquircmcnl is beyond the present sla[c-o(-lllc.:lr  [ (“1’dnrlcr
cI. (11.,  1993).  Onc,  thcrct’ore,  wi l l  be Icquircd  to usc :1 Il:ditiollnl
slwrl, uncodcd pulse appronch,  which requires 0 corrcspondin~iy
higher pc:lk trnnsmi([cr  power. Even  in t h i s  cmc.  ooc siwuld  hc
Cillcful  in conllolling IIlc  Iisc/f:rll Iirrlc o f  (Ilc trdnsrt]it  p u l s e  [0
prcvcn[  my lc~lkagc beyond (Ire desired pulse Icng(h.
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l;i~urc  2. Rcquilcd  compression sidclobc  Icvcl vs. incidcrlcc  :Inglc.

2 . 3  AIItcmIm  Siy,c uItd  Scrrnning

‘1’hc  antenrm diamc[cr  is Iimitcrt  by the sn[clli[e  constraints. \Vc h;wc
cons idered  o 2-m ;rnd  a 4-nl  di:rmctcr  ontcnna designs.  ~’llc 4-nl
:IIIICIIII:I  provides  belter h(nimntal  rcsoiulion  and sign:il-to-noise
pcl (’onnoncc.  Ilowcver, il is hc:lvicr,  requites more “rC:ll-CSl:llC”,

crca[cs  large blockage for her nadir-viewing ios(rurncnts,  ml its
dcploylncn(  would  add cornplcxi[y to t h e  instrunlcnt,  T h e  l e s s
conlplicalcd  2-n~  mtcnrur  can bc more easily accrrntrnodrrkxt  by [tic
spac$cl:rft  ~llld,  as shown in Section 3, also nlcct  tllc pcI forrl):il)ce
rc(l Llr[enlcnts.

A scooning mlcnno  woold  ptovicfc better spmiol covc!;Igc;  lIowcvcI.
it v,,;rs  no[ c(msi(lclcd bccousc o f  tile ground  cor~[~ltllirl:](ic~ll  tllroLtgil
the antcrm:t  sidctobes.  us noted :Ibovc.

3. Sl)AclHIORNl; cl.OUI)  RADAR S’1’RAWhlAN  1)1 X1(;N

Givcri  [he science and design considerations discussed above, n
s[rawmnn  design for a cloud profiling rndar consistent with a snmll-
(0 moderate mission wm constructed. ‘1’able I shows Illc strmwnm
syslclt) pma  Inc[c;s  :IIK1  tllc cxpcclcd  sptlccc  roll  tcsoulcc  consumption

Ilcqucricy  ‘“- ““””
—

Anlcr)!ti:,:
Dianlctcr
Peak g~in
3.dll Llc:lll,wldltl
Ncm-sidclohc  Icvcl
I:lr-sidclot)c  Ic\cl

l,lA.  bawd  Mns!lli(lcr;
I’d power
Power conversion efficiency

‘1 rmwlitrcd  sIgnol:

l’ulsc width
Sig;l<71  Imtdwidl})

1’UISC rclxlili[)n Ircqucl!  c-y
“1 r;mmir  duty cycle
‘1 mnsl!lil  pdlh lIm
Rccclvcr  INIIIIIUSILI  III
Rcccivc  TMIII  [[)ss
Rcccivcr  Il[u<c Ilgurc
Ave. [Nt(put  daI:I mtc (12-f,it s:]!! ]pling)
Ave. SIC  power
hl:lss
V[llulllc:

Awcona  ill srrw po<itim
Rmla I clccir,  t!)ics

!hi [;l17-

2111
63.4 dlli

().11”
<-25 [ill
< .5s d}]

I K \V
12%

3,33  pscc
300” K}17

4250
I .42%
2 [Ill

7f,() Kllz
.7 dl;
2 (III

2.1 Kl)ps
215 w ! 40%
I(M Kg ~ 30%

2111 X2!11XI III
I Ill x 0.6 Ill x 0.3 III

‘I”dl)lc  I .  ‘1’ltc prclilltinwy  cslimlrles  o f  tllc syslcr]] pdlart]clcrs  I’fv d
sl):!ccbor nc cloud wd:lr  design.

‘1’llc sillglc-pulse cloud sig]lnl-twnoisc  ru[io , s o. Cilll be cxplcssc(l  :1’+

[’7 n-? G? c r,} IKC12  Q’ 1,,, 1<,,,,,,2 ~
S(, = (’,,,,/ z = (4)

lo24xlol~  1112  AZ k 1’1{ IJ ‘

WI ICIC /’7 is (hc tl; lnsnlit[cr  pc:rk powc;  . I is IIle tod:u wdvclengtll.  (;

is lIIC  :rntcnnd goirl, c is !Ile pulse prcrpagalion  s[)ccd, T() is tllc pLllsc

duro[ion,  () is the 3-dll  antc[lntl  beanlwidth.  I,,,,r is lhc rwlar  syslclll
[0ss, [<jr,,, i s  (lie siglllll  10ss duc [0 n(ntosphc;ic  :rhs(l([!riorr (cloud
al)sml~liol)  is cxclud  cd), k is IIoltnllimn’s  cotls(:lnl.  7 is rllc syslcnl
nolsc tcrl]pclaturc,  ii is tltc rcccivcr  tmndwid(l],  r is (he rucial  range

(li$lilrlCC, IKC12 is the diclcctl  ic factor  of liquid wutcr  a[ 94 (;I 17., aml
Z is tllc cquivulcnl  cloud reflectivity factor  (in nln16/ltd).  IIolll  cloud
sigtl:ll :Ind n o i s e - o n l y  nlcilstrrcrncnls  will bc collcctcd.  ‘1’lrc n o i s e
comporlcnt  in lhc cloud signals, which on the avclagc  is cqu:ri to the
r]t~isc-ol]ly Illcmulcrnen[s.  will be removed :!t CLICII  mnge bin otter
;Ippr(jpli:ltc  signol  :ivcr:rcing. W C  ;tnticipdtc  rll:tt tltc rturttbcl’  o f
ildcpcndcn(  noise-only mc:mrcmcnts collcctcd  will bc nluch glcotct
tlldn 11):11 01 IIlc c l o u d  slgnai  ntcmulcrt]cnls. As such. the cllcclivc
cloud si~nzll-[wnoisc  r:ltlo after :Ivc[:g, ing, S/, cm bc exprcwcd  [IS:

<1’,<>s, =- *“ .Jh’.! so _{N., cd z
O.r s,) +1 = C’r”({z+l

(s)

!vlwrc  N,r is the number of inclcpcndcnt  cloLrd  rncasurcrncnts. By
dclining tltc nlinimutn  detcc[ablc  c l o u d  Icflccliviiy,  7,,1;,,, ~ls Illc
cl(wd  rcflcclivity  value which gives rise to n unily  signzll-lo-lloisc
lorio oftcr :Ivctagrng.  we have
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Z,,,in = - 1

(JVr - l) C’rod
(6)

‘1’0 (irlilill bcllcr  cloud  dclcclion  scttsilivi[y,  lhc rcccivcd  pulses will
lJC ilvClil~c(l  along tlack;  1300” pulscs will bc :Ivcr:lgcd  f{N ().3 I SCC.
C(l UiVillClll 10 ~lVClilgil)g  over IIIICC ill\l;llIlilllC(  >tlS iadar I(ml[)l  illls.  fly
u s i n g  {Ilc radar  p;mmclcrs m Iis(cd in ‘I”:irlc I M(I by tlssuming lwo-
w,oy ;Ilrllospl)cric  pa[ll  Iosscs of I d[l in Iltc rrppcr atmosphere :111(1  2’
dll i n  Ihc Iowcr  ;NmospbcIc,  and IKC12 - 0.8, Ille design  yield Zt)(i”
V:IIMS  [It:tt  +IIC sligl)I  better !hm -30 dll~..  In ‘1’:iblc  2 (be prcliminmy
cs[inltltm  of (he kcy pcI fwnmcc  cbmc[cri.s[ics  arc sun~nmi7.cd.

!/Cl I li~ilrics”imli;ll 500 Ill
C“ross-track  resolution 780 In
Alrrng.t!ack  rcsolu{ion  (:tltcr  pulse avcrngirtg) 2.3 km
Number of indcpcndmt  silr]]l)ics I 300”
Mirlimunl  (lc[cctilblc  (IW-S:

:It altitude  -20  knl -32.5 (IIIZ
ot ;llliludc  - 4(KI m -30.1  LtBz

‘1’liblc 2. l’lclinliniu  y pcr f(mmncc cslirlmlcs  of (bc 94-(;117.
.spucctror  nc Clrrlld Iil(lill.

.A block di:lgrm of [hc pIoposcd  design is shown in l;igurc  3. ‘[”be
3.33  -iIscc  puk+cs  wc gcncI:iIcd  :11400 Ml [7, :md (hen up-ccrnvcr(cd  [o
94 Git7.. ‘1’hcsc p u l s e s  me unlplifirxl  by ;] soii{l-slalc nlnplilicr
d[ iving  Ihc h i g h - p m v c r  cxlcndcd  intcr;lctiun  ilmplificr.  ‘1’his lligll  -
p(nvcr sign~ll is then sent 10 Ibc :mtcnno Iblougll  :1 fcrl ilc cilcul:i(or.
A lbrcc-,jurlc[ion  lcIt i[c lrarlsrni[/rccc  ivcr  (“1’/[?) switch is used [o
pIolccl Ilw rcccivcr. A srllall  :Imount  cd’ power is crmplcd  b;lck [o
[IIC  rcccivcr Icrr ll~]nsn]i(  p o w e r  cuiitmlion. Ilu[ing Ibc rcccivcr
pc[iod,  [be rcccivcd sig[lol  is scrtl [Ittrruglt  Ihe ci rculator ortcl lhc “1’/1{
swilcb  ({) u 94-Gl 17. I (nv-noise umplili cr. Kflcr  Iha[,  Ihc sigrl:ll i s
(illcrcd  mld (Ioi}’11-cc)rlvcllccl  10 tllc I“ilsl intel rncdialc  frcqucocy.  ‘Il)c
sigrlill  i s  Iurllwr anlpliliccl,  I’illclcd  :Itld  convcrlcd  (0 [Ilc sccorld
inlcl  mcdiolc  Ilcqucncy, WIICIC it is s:lnlplcd hy [Ilc :lll:ilog-1(~-(ligit:ll
convct  let ond scIu [0 (Iw dot:l systcnf.
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f;i~ure  3. S[tawnmn  block diqy:uu d [be spxcbornc cloud rwl:w.

4. ‘I’lt~llNOI/()(; Y ISSUKS

A plclilnill:uy  survey of  (IIC  rdnr kdmology  :11 94 G}lz 1);)s  b e e n
nlmlc.  ‘1’hc mojor  iccbn(~logy  dcvclopmclll  w i l l  bc tllc sp:lcc
qmdil  ic:llior]  of Ibc 94-(; 117,  111A trmlsrniitcr  [ubc.  IIOIb  grollll(l-
II;ISC(I  ill](l tiilbotn~c 94-GI17,  ljl As,  opcr:llit]g  ilt or ;ilmvc  IIIC rcquilcd
Iwilk  p o w e r  ICVCI, il[c curlcntiy  :Ivilil:]blc. I lmvcvcr,  since Illcsc

‘dcviccs  wc nol d e s i g n e d  lo] sp:!cc  {Ippliciltion,  dcvclopmcrlls  10
ii!ll)lovc  IIIC lil A Ii(ctil)lc  :11)(1  [(~ IIICCI spocc qu:llilic:ltiorl
rcquilc!ilcll[s  are required.

S. All~llOllNlt C1,OUI) RADAR

In older  10 test the sp$lccbot  nc cloud  rad:lr  d e s i g n  conccpl  ond
cquipntcrr(  (e.g.  I; IA), :1!)(I to dcvcl[)p  irr](l  ICSI algor ithms  I’t)l (Iil(tl
:uwlysis  ;IIIcI inlcll)[ct:llion,  it is dcsiluhlc  (0 fitsl  develop w] oitclal’t
cl(lll(l  I: I(I;II.  ‘1’ilc ltirclol’t  insllunlcnl  w i l l  Il:lvc bcllcr  scllsilivily :Illd
sp:lli:ll  tcsolution 10 plovidc  accurlllc  diil:l  10 :isscss (Iw clr[)ls

,
msociatcd  will]  Illc s p a c e b o r n e  r;l(lilr  rclricval  algorill}ms. t]y
inmrpordling  l)opplcr culpability, Ibc aircrafl inslrurncnl  con :11s0  be
usc{i 10 sludy Iilc cloud dyll:l!l)i CS. };ur illl nil brrl”llc  ciolld  r:ld; il, Illclc
alc a nutlll)cl  of :Iddilion:il  design issues occdcd [0 bc considcfcd.  Ill
Illis sccli(m,  wc will tr[iclly discuss two such issues:  Illc  wide
dytt:llr]ic  ItIIIgC :IIMJ IX)pl)lcl/l’ltl; sclccli[)ns.

IICC;lllSC of tllC dOWIIWilrd  v i e w i n g  Curlligutilliorl.  IIIC lil(l;ll  CclIL)
prc!filcs Wiil  i n c l u d e  r e t u r n s  f r o m  bo[h cloud  :1(KI sur-(ace,  w c

cs[lrllu[cd  Ibo( (hc m:]xin]uru  cxpcclcd  p o w e r  i s  -70 dIl :Ibovc Ihc
rmisc Ilrm. “1’)tis  tcprcscn!s  a w i d e  dynar]lic  I:tngc  1110(  must bc
LIccoIIlt]l(Jcl:llc(l  by t h e  R F ,  ll; a n d  ctigilni  pot[icms  01- lhc r;idol
rcccivcr.  A SC( of ll; :I[!cr]uilliol)  Ievcls  is needed in o!dcr  10 adius(
Illc  desired signal tcvcls. I’hc u s c  of a 16-bil klr]:ll(>g-tc)-[li~it:ll
convcr(cr  ilppc:ws  10 bc ndcquulc for this ilppli  CilliO1l.

I;(n p[ll.W rild;lr  opCrillioIl,” Ibc rm]xinlun)  PR1:  i s  SC[ 10 avoid  r:trlgc
illlllliguilics.  l;or  l}opplcr mcmorcnlcnts.  bowcvcr,  IIIC PR1: slloul(l
(1C l~llg,C CllOUgll (c) :lVOid  IhppiCI  ilti:lSillg. I;or N rd:tr o~~cr:lling  on
ill) :Iircrilf[  movirlg  ill --250  r])/s, for itls(;ltlcc.  ttw 1’1{1:  l]l(lsl  be  >32
KI l?. 10 ovoid Dopptct- :Iliilsillg,  which is obviously in cortllic[s  will]
tllc des i re  to ilVOid rmgc illllbigUiliCS. Onc  potcn[i:ll  sppl(uwil  10
[wcrcon)c  Il]is pr(i)lcln  is by swilching  [Ile IW1;  bclwectl  two v:llucs
(I]ill :IIC Mb low  cl)ougl  I 10 :Ivoid  rmgc onlbiguilics.  By plopcl  Iy
cimosin~  [he l’l{[;  spocing, [be aliascd  I)opplcr  IIcqucncies :Irc
dillelcnl  for tllc Iwo l]l{f;s.  [n lhis cnsc,  Ihc rtlxxirtrurn unmtttiguom
l)ol)[~lcr  rongc is dctcrmincd  b y  [be Icils[  coll]rlm] n~ul(iplc  ot’ tbc
[w() I’RI;X (e.g., l.i ond Jol)rlson, 1982).

6, suhlnitil{y

tl Sllil\\’lllilll  tmiar <ys(clll  dcsigt) Iol cloll(l-  l)lolilillg”  lllc:Is lllc’l)lctlls
ltorti s~r;icc  was prcscntcd i n  Iltis popcr. l))  Iilis  dcsigl.  tbc I;III:II
itlsttufllcll[  opcIN(cs al 94  (;117. :Ind :11 il r]lltiit-l)oitllillg  c[Jlllip.Lll~lli{lll.
‘1 Ilis slr:tlvtnm] design is in(cndcd  10 serve as d hcncllIIl;Ith.  i!)  guidil]g
Illc more vig(nous  IUIUIC design :Iml [IWIC s[udics. ‘I”llc l;l[l;lr design
i s  inlcll(lc(i  (0 bc iIccolll  Il)(I(l:llc(l  b y  n Spilcccl ;If”l Wi[ll Iilllilcd
Icsourccs.  II plovi(lcs  a vcflical  resolut ion ut’ S[)() m :Ind 2 n]ininlutll
dclccl:lblc cloud tcllcclivily olstigll[ly belle!  Ihim -30 dll’~..

‘1 Ilis design uses lllc  I;I(I:II Ii:lnsmillcl  Cl)tllilCICl islics tvllicil :IIC lI;I\c(l
1)11 IIIC cxls!it]g :litl~oltlc I l l  As. l~ol s[)ilcc :Il)plic:lt  ion,  ill]ptovclilcllls
ill IIIC lil A Iilc[if)lc iiri(l  SIJ;ICC ([uulilicitlk)ft  will I)c IC(IIIIIC(I.  ‘III
Slll)[)oll IIIC (l C\, Clol)lll Clll 01 ~1 Sl)ilC’C\)olll  C Cloll(l 111(1;11 S~SIClll,  illl
;Iilcrdll cl[wd  IOd N illstlultlctl( is  desilablc.  “I”llis ill\ttul]l,:lN  \vill Icsl
[Ilc sp:lcc systc Ii] d e s i g n  concc[)l :ml [ccl) l)olI)gy  :In(! \clvc :Is :1
lIlcl:Iu  I)clI dcvci(q)nlcrlt  illl(l  tcs(ing  of  (Ilc (1:11:1 processing  :Ilgol  illlllli.

ACKN()\\’l,ltl)  (;hl I(:N’l’

‘1’IIC ICSC:LICII  dcsclibcd  in t h i s  popcr w:Is  pcIl(Hn~cd  by tlIc Jc(
lhc)pulsi(w  [ .: IINM:IIOI y, ~:llifotni:t  lnslilulc 0 1  “1’ccl)tlol<~gy. umlcl
C(M)II:ICI  Ivi{ll  IIIC Nntional  f\clontiu(ics  ond Sp:Icc  /\(lrtlitl (s(lit{iotr.
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